An improved method for the determination of asphaltene contents in residual oils by dual wavelength spectrophotometry has been developed. Contents of n-heptane or n-pentane asphaltene can be determined from absorbances of suspended sample solutions at 750 and 800nm. Effects of sample size, particle size of asphaltene and temperature on the absorbance of sample solution were investigated. This method can be applied to a great variety of residual oils such as atmospheric residue, vacuum residue, hydrocracked or thermally cracked residue and bitumens. Time required for the determination of aspaltenes was greatly reduced, using a full automatic asphaltene analyzer (COSMO APD-200A). The relative standard deviation was less than 4%, and the correlation coefficient more than 0.995 proved that the dual wavelength method well correlates with ASTM and IP methods, respectively.
Introduction
Contents of n-heptane or n-pentane asphaltene in residual oil has been determined, usually, by gravimetric methods.1)-3) These methods involve complicated operations and require much time. In this situation, a simplified and rapid method for the determination of asphaltene contents has been needed, both for process control and quality control in the petroleum refinery or coal liquefaction plant.
Recently, while some spectrophotometric methods have been reported by Ono,4) Bouquet5) and Kaibara6) for n-heptane asphaltene in residual oil, none of these methods could truly be applied universally, because of complex methods and time constraints.
In this study, an improved method for the rapid determination of asphaltene contents (n-heptane or n-pentane insoluble matter) by measuring the absorbance of sample solution at 750 and 800nm has been developed.
Moreover, a full automatic asphaltene analyzer7) was measured by spectrophotometer ranging from 650 to 850nm with n-heptane for reference. A petroleum residual oil was used as a sample.
The spectrum showed monotonous decrease with the increase in wavelength, and there appeared no maximum point, as shown in Fig. 1 .
In order to clarify spectrophotometric contributions of asphaltene (n-heptane insoluble fraction) and maltene (n-heptane soluble fraction), each solution was prepared. Maltene solution was prepared by filtration of sample solution, and asphaltene solution was prepared by addition of asphaltene, isolated previously, into n-heptane to obtain same concentration as that of the sample solution.
Absorption spectra of these solutions are conceptually shown in Fig. 2 . It was found that absorbance of a sample solution (As) is composed of maltene (Am) and asphaltene (Aa), as shown in equation (1) .
As=Am+Aa
(1) Equation (1) Variation of absorptivities(K) of maltene or asphaltene solutions for various kinds of sample oils were each examined.
Absorptivity data of maltene and asphaltene solutions on eight samples are shown in Table 1 . Absorptivities of maltenes exhibited different values for all the sample oils, while the ratio of absorptivities at dual wavelengths, 750 and 800nm, resulted in a constant value, which was also observed in the case of asphaltene. From Table 1 , equations (4) and (5) are obtained. Aa750=1.19Aa800 (4) Am750=1.42Am800 (5) Substituting equations (4) and (5) to equation (6) , equation (7) is obtained.
As750/As800=0.23(Am800/As800) +1.19 (7) As750: Absorbance of sample oil at 750nm As800: Absorbance of sample oil at 800nm Am800: Absorbance of maltene fraction at 800nm Equation (7) shows the linear relationship of maltenes and ratio of absorbances at two wavelengths of 750 and 800nm, respectively. It is realized that absorbance ratio of sample solution at two wavelengths results in value between 1.19 and 1.42. When the fraction of asphaltene absorbance in a sample solution increases, the ratio of absorbance (As750/As800) approaches 1.19 . By the increase of maltene fraction, the ratio will approach 1.42. It was found that sample oil solutions exhibited absorbance ratio within a range of 1.19 and 1.42, as shown in Fig. 3 , which is plotted with data in Table 2 .
Working curve of asphaltene concentration versus absorbance is expressed as equation (8 Correlation between improved method and ASTM and/or IP method were obtained by using samples of oils from various sources. Results are shown in Figs. 10 and 11 , respectively. Correlation coefficients of more than 0.995 proves that dual wavelength method is correlative with standard methods.
Conclusion
1) An improved method has been developed for the determination of n-heptane or n-pentane asphaltenes to realize rapid determination with good repeatability.
Good repeatability was obtained by forming size controlled particle through adding small amount of toluene to the sample.
2) Measurements obtained with a full-automatic asphatlene analyzer (APD-200A) have shown good correlation with those of standard methods: ASTM D 3279-83, IP-143/82.
3) Application of the flow cell is also effective in the determination of precipitable n-pentane insoluble matter. 
